We describe a microvolume enzyme-linked immunosorbent assay based on enzyme rate kinetics. Antigens from Entamoeba histolytica were adsorbed in wells of disposable polystyrene strips containing 12 flat-bottom wells. After exposure to the serum of a patient and peroxidase-labeled anti-human immunoglobulin G, the rate of color change in specific substrate was determined by eight sequential readings of individual wells over a 2-min period with a microcomputer-controlled model MR-600 automated plate reader. The changes in absorbance readings were converted to slope values for each well by the microcomputer. Thus, 12 samples were read, and results were printed in ca. 3.5 min. In the microvolume K-ELISA, all reagents were used in a volume of 200 ,ul. Antigen diluted in Tris-potassium chloride buffer (0.05 M Tris, 0.3 M KCl, 2 mM EDTA adjusted to pH 8.00 with HCl) was added to each well of a strip, and strips were incubated in a 37°C water bath for 3 h. The strips were wrapped in plastic film and held at 4°C until the next day. Excess antigen was removed from wells by aspiration, and the wells were filled with a wash solution containing 0.01 M Na2HPO4/NaH2PO4, 0.15 M NaCl, and 0.3% Tween 20 (pH 7.2) (PBS-Tw). The wells were washed with three changes of PBS-Tw. Serum diluted in PBS-Tw was added to each well and allowed to incubate for 1 h in a 37°C water bath. After this incubation, the unreacted serum was removed by aspiration, and the wells were washed three times in PBS-Tw. Peroxidase-conjugated goat anti-human IgG, diluted 1:300 in PBS-Tw, was added to each well. After a 1-h incubation at 37°C, the excess conjugate was removed, and the wells were washed three times with PBS-Tw. After the last wash, PBSTw was left in the wells, and the strips were covered before being read.
come a widely used serological assay since its introduction in 1972 (3) . For quantitative measurements, most applications require testing of multiple dilutions of serum yielding an endpoint expressed as a dilution of the test serum. ELISA reactions based on enzyme rate kinetics (K-ELISA), in contrast, yield quantitative, linear data from testing a single dilution of serum. The K-ELISA was introduced by Tsang et al. (9) and has been used to quantitate antibodies (8) as well as antigens (6, 7) . Barlough et al. (1) utilized a computerassisted, semiautomated K-ELISA assay to quantitate antibodies to viruses in feline sera. Slope values can be converted to activity units (10) of the measured ligand, which permits direct comparison of different reagents. The K-ELISA is capable of detecting nanogram quantities of purified protein (10) and can retain this level of sensitivity in the presence of nonspecific competitors.
This report describes a micromodification of the K-ELISA which is based on reagent volumes and hardware commonly used in traditional ELISA methods. We feel this method can have practical diagnostic as well as research applications. Excess antigen was removed from wells by aspiration, and the wells were filled with a wash solution containing 0.01 M Na2HPO4/NaH2PO4, 0.15 M NaCl, and 0.3% Tween 20 (pH 7.2) (PBS-Tw). The wells were washed with three changes of PBS-Tw. Serum diluted in PBS-Tw was added to each well and allowed to incubate for 1 h in a 37°C water bath. After this incubation, the unreacted serum was removed by aspiration, and the wells were washed three times in PBS-Tw. Peroxidase-conjugated goat anti-human IgG, diluted 1:300 in PBS-Tw, was added to each well. After a 1-h incubation at 37°C, the excess conjugate was removed, and the wells were washed three times with PBS-Tw. After the last wash, PBSTw was left in the wells, and the strips were covered before being read.
MATERIALS
A 40-mM stock solution of ABTS in deionized water could be kept at 4°C up to 3 months before use. Immediately before use, the ABTS was diluted to 0.2 mM in 50 mM citric acid adjusted to pH 4.0 with NaOH. Hydrogen peroxide was added to a final concentration of 1 mM in the ABTS-cirate buffer (5). The diluted substrate was kept at room temperature in a covered, amber bottle.
One strip of 12 wells was placed in a Removawell strip holder, and the PBS-Tw was removed by aspiration. The A similar procedure was used for antibody optimization in which the strips were sensitized with an excess of antigen and reacted with a series of antibody concentrations.
RESULTS
The precise quantitation of antibody or antigen afforded by the K-ELISA is based on holding all reactants in excess except the ligand to be measured, which must be rate limiting.
In a typical titration of E. histolytica antigen with different antiserum concentrations, antigen saturation occurs at a protein concentration of ca. 1 ,ug/ml (Fig. 1) . At antigen concentrations at or above the saturation level, the reaction rate (slope) is serum-concentration dependent (Fig. 2) . Direct correlation is indicated by the regression line. The highest dilution of antibody tested (1:2,000) is below the optimal serum concentration, based on an r2 value of 0.932 over the dilution range 1:2,000 to 1:100 and an r2 of 0.970 over the range of 1:1,000 to 1:100.
When antigen is held as the rate-limiting ligand and antibody is in excess, there is a linear relationship between reaction rate and antigen (protein) concentration. Figure 3 shows this relationship for E. histolytica antigen. For antigen (protein) concentrations between 0.125 and 1.0 Fg/ml with serum in excess at 10 ,il/ml (1:100 dilution), the slope is directly proportional to protein concentration (r2 = 0.996) used for sensitization.
We compared antigen saturation curves from two lots of E. histolytica antigen tested with a single serum sample (Fig.  4) . The protein content of lot 34 antigen was 0.986 mg/ml and that of lot 45 was 0.897 mg/ml. Each antigen was diluted to the range of 0.125 to 10 p.g/ml for sensitizing the wells. Antigen saturation occurred between 1 and 2 ,ug/ml with both antigens, and the curves are almost identical.
Reproducibility of the assay was determined by calculating the coefficient of variation (CV) for replicate samples (usually four) within a particular run. The CV rarely exceeded 10%, and the average of the CV values for a run never exceeded 10%. The usual CV was <6%. To determine the reproducibility at a representative slope value in the antibody-limiting configuration, we tested strips sensitized with 3 ,ug of E. histolytica antigen per ml with the serum of a patient diluted to a concentration of 4 ,ul/ml. These tests were repeated six times over a 6-day period. The mean slope value for 160 observations was 7.12 (+ CV = 8.3%).
K-ELISA slope values and indirect hemagglutination titers of sera from 22 amebiasis patients (20 with documented tissue invasion, 2 with asymptomatic cyst passers) and 9 negative controls were compared (Fig. 5) 
DISCUSSION
Reported here is a simple, rapid, and sensitive K-ELISA system, patterned after the K-ELISA devised by Tsang et al. (9, 10 The reproducibility of this assay has been monitored by calculating mean, standard deviation, and CV for four replicates of most samples. Occasionally, one of four replicates was obviously out of range, giving a CV value up to 20%. We suggest that all tests be conducted in duplicate, and specimens showing differences greater than 10% be retested to ensure highest quality results.
The K-ELISA has been shown to be a sensitive assay for antibodies as well as antigens (10) . By holding all assay components in excess relative to the ligand (antigen or antibody) to be measured, the rate of color development in the substrate chromogen is directly proportional to the concentration of the rate-limiting ligand.
We have shown that the K-ELISA can be utilized on a microvolume scale and read accurately with a commercially available reader designed for microplate assays utilizing traditional methodology. We feel that this assay can be useful in the serodiagnostic setting in which large numbers of specimens must be processed. It can also be useful in the research laboratory for assaying antigen or antibody levels accurately and with a sensitivity in the nanogram range.
